ABSTRACT
UPPER CANINE AND INCISORS: IMPROVING KNOWLEDGE OF MORPHOLOGY TO OPTIMISE FUNCTION
Fifteen years ago, an emeritus clinician, Harold Shavell 22 wrote: "In a stable occlusion (inter-arch intercuspation) dental treatment must reflect absolute and faultless submission to the morphological structural data. Morphology is the destiny of dentistry. "
Dentists often use specific devices and protocols to reposition or rehabilitate the maxillary anterior teeth in order to improve their achieving aesthetic alignment. Although the labial surfaces of these teeth usually display similar convex shapes, the lingual morphology of the upper incisors and canines varies greatly ( fig. 1 and 2 ). And it is precisely these lingual surfaces that play an essential role in masticatory function 8 . 
-BIOMETRIC STUDY OF THE CORONAL MORPHOLOGY OF UPPER INCISORS AND CANINES IN MODERN HUMANS

--Introduction
-2 -Morphology induces the occlusal guidance function
Very often, orthodontists set and achieve a goal in treatment of adults of altering anterior guidance function.
While as yet there is no formal proof of its efficacy, dentists usually establish a therapeutic plan designed to achieve immediate posterior disocclusion in mandibular translation movements. This total disocclusion, which is scarcely physiological but easy for dentists to obtain technically, is quite opposed to the notion of a balanced "equilibrated" occlusion that would be characterised by the simultaneous presence of anterior and posterior occlusal contacts in mandibular propulsive and lateral excursion movements 5 .
Because no one has so far presented adequate scientific evidence to show which is most effective, dentists have to rely on clinical conclusions and the scanty factual data now available, to establish their treatment plans. But there is general agreement among practitioners working in the field that a canine protected occlusion may be the most acceptable as Rinchuse et al., reported in a review that found the literature to be replete with sectarian and rather vague conclusions 19 . We feel, therefore, it is essential for us to explain why we believe the therapeutic design of canine protection appears to be valid:
-the therapeutic creation of canine function through orthodontics or prosthetic treatment is easier to obtain than group function; -a pathogenic outcome of canine protection has never been shown, but the case for posterior occlusal interference leading to harmful effects seems much more likely.
We want to make it clear that our belief in the therapeutic value of canine guidance is only an opinion. In view of the fragile nature of the available scientific data 17 , no reasonable person could dignify an interpretation of the status of the debate on group, canine, or any occlusal function as something more solid than that; it is just an opinion.
Mandibular kinematics depends on the functioning of occlusal guidance. In the last phase of excursive movement, the tooth guidance surfaces pilot the developing mandibular elevation by anticipation, rather in the way of an access cone moving directly towards a target which is maximal intercuspation in occlusion (MIO). This target must be accurate and unique. This guidance avoids obstacles Into a position of maximal inter-cuspation, in the way an access cone gives a path to a target. This occlusal target must be precise and unique, avoiding occlusal obstacles.
It is essential that we understand what is meant by "occlusal interference" , guidance surfaces, and occlusal contacts.
-Occlusal interference is defined as dental obstacles generating limitation and/or deviation of horizontal mandibular trajectories in propulsive or lateral excursions 15 .
-Posterior occlusal interference is characterised during a propulsive or lateral excursion translation movement by occlusal contact on a multicusp tooth without simultaneous anterior occlusal contact. In other words, "a posterior tooth releases the anterior teeth during translation" 10 .
Remarks By promoting simple, direct movements, the slight predominance of anterior contacts facilitates neuromuscular action 25 while minimizing erosion of enamel. From the mastication point of view, harmonious occlusal curves and dominant but mild canine slopes promote homogeneous, symmetrical contact between the occlusal tables and optimise grinding of foodstuffs. In parafunctional activities like bruxism and gum chewing, during lateral excursion the proximity of antagonistic posterior occlusal tables acts as an occlusal parapet, protecting the TMJs during strong activation of the elevators. On the other hand, where canine guidance is overly steep, this protection is absent and the anterior blockage it causes will prevent translation movements which generate mandibular retro-function and/or lateral function. This makes the mandible operate in opposition to the natural direction of anatomico-physiological function of the Temporomandibular joints (TMJ).
This proprioceptive guidance, working by anticipation, depends on the organization of the anterior teeth which display architectural and morphological aspects specific to our human lineage 14 . The lack of premature wear in the dental system in modern populations accentuates the functional role played by dental morphology 21 .
-3 -Reference plane
Figure 3
The different reference planes in sagittal view meatus) and left infraorbital point. It corresponds to the position of the head of a person looking at the horizon, in an orthostatic position. Clinically, dentists use a cutaneous Frankfurt plane defined as passing through the Tragions (upper edge of the tragus) and the left cutaneous Infraorbital point (antero-inferior edge of the orbit) 15 .
Any evaluation of occlusal functions requires a non-dental horizontal baseline. The traditional anthropological reference, the Frankfurt plane, accepted at the International Anthropology Conference at Frankfurt in 1884, is a plane in bone passing through the Porions (upper edge of the external auditory
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It is a common error to think that the Frankfurt plane is the horizontal reference plane for mounting models on articulators, particularly when a transfer arch with auricular end-piece is used. In fact, the great majority of articulator systems employ the AxialOrbital Plane (AOP), directly or by approximation.
It passes through the Condylicus points (cutaneous or bony) and the left Infraorbital point 3 . The posterior reference is, indeed, at the level of the bi-condylar rotation axis (this detail was provided by Mc Collum in 1924 and Stuart in 1955 18 . The mean differential angle ( fig. 3 ) between the Frankfurt plane and the AOP is around 7° (Standard deviation 2° out of 46 measurements) 16 .
Data can be superposed and duplicated on different articulators with the AOP, as well as in cephalometric analyses and axiographic recordings. The AOP also provides a set-up of dental arches which are spatially correct or at least close to the horizontal baseline linked to the semi-circular canals 4 .
pre-determined labio-lingual inclination of the lingual convexities of upper anterior teeth during treatment.
Many statistical studies using cephalometry on the bucco-lingual slopes of the incisors have provided reference data which orthodontists can use to obtain optimal axial positioning of teeth in conformity with skeletal types and aesthetic criteria.
In assessing tooth morphology orthodontists can refer to dental anatomy manuals that give an academic reference model for each type of tooth. But these models are only generalisations that do not take individual differentiations into account. The biometric data in the literature on the morphology of modern human upper anterior teeth is scanty and what there is applies primarily to incisors 11 . Both common sense and available studies caution us, as is the case for all biological data, that variation between individuals is great, and, for anterior teeth is concentrated in the functional zone, the lingual surfaces.
So we have decided it would be useful to study the morphological variability of upper incisor and canine crowns to derive a theoretical set of mean values that could help orthodontists to decide whether each clinical situation requires a customised individual plan or whether they can use mean values to treat specific cases.
This study proposes to furnish biometric, quantitative bucco-lingual data about anterior-maxillary teeth, by comparing the morphology of the upper central incisor and canine teeth of a group of modern humans.
-4 -The variability of dental morphology
During the life of the natural dentition, the guidance slope adapts it to environmental pressures and compensates for skeletal deviations, even though nature dictates tooth morphology. The lingual morphology of maxillary anterior teeth clearly plays a major part in guidance function through the location of anatomical relief 6, 12, 24 . Accordingly, orthodontists should evaluate the extent of the
UPPER CANINE AND INCISORS: IMPROVING KNOWLEDGE OF MORPHOLOGY TO OPTIMISE FUNCTION
This is a retrospective study of educational documents including information obtained during the initial dental student clinical training period. In their program dental students fill out questionnaires, examine each other clinically, take impressions of each other's teeth, and prepare morphological analyses of their teeth in relation to a horizontal reference plane derived from a face bow. We accumulated our data by analysing the data provided by the questionnaires and the clinical examination reports. We selected 49 consecutive files of 27 male and 22 female students whose average age was 22.
Criteria for selection: -young subjects between 22 and 25 years of age whose teeth would not yet have suffered much dental erosion;
-natural healthy dental arches;
-class I Angle occlusion with anterior contacts at maximal intercuspation.
Criteria for exclusion from the study: -history of dysfunction of the masticatory apparatus;
-orthodontic treatment in progress or completed;
-dental reconstruction of the lingual part of an anterior tooth; -significant malocclusion; -guidance anomaly: posterior interference, anterior open bite. 
-MATERIALS AND METHOD
-1 -Sample
--Method
For each subject, we constructed a silicone model of the upper anterior teeth mounted correctly in space on the articulator by means of an ear-bow arbitrary face-bow transfer instrument whose horizontal and frontal positioning we checked clinically as we proceeded. By means of a right angle support to the transfer arch plane we registed the horizontal reference plane, the Axio Orbital plane, and at the same time the morphology of the upper anterior group of teeth ( fig. 4 and 5). In this way the modeling can be done directly in the mouth with a silicone elastomere key (Elite ® H-D+.Zhermack).
Each silicone core is sectioned perpendicular to e reference plane at two levels for each canine and central incisor ( fig. 6 ). The sections are in the middle of the tooth (central section -C) and at the main point of contact in maximum intercuspation occlusion (MIO), usually on a proximal crest (Proximal section -P). 
Figure 10 Screen view obtained after entering the details of a proximal section of a 21 (all the values are expressed in degrees or millimetres).
UPPER CANINE AND INCISORS: IMPROVING KNOWLEDGE OF MORPHOLOGY TO OPTIMISE FUNCTION
The different sections are numbered by standard photographs then quantified using software specially developed for the purpose (fig. 9 ). The reference dimension is given by the length of the impression fork support.
The slopes between the different axes are evaluated relative to the anatomical points noted ( fig. 8 and 9 ) (labial and lingual cervical point, lingual contact point, labial and lingual curvatures, point of labial and lingual free edge).
We focused on studying four values:
S/V S/AOP V/AOP S/CA
Lingual labial angle: between the lingual surface (S) and the labial surface (V) Guidance slope: slope between the lingual surface (S) and the reference plane (PAO) Labial angle: slope between the labial surface (V) and the reference plane (PAO)
Lingual-Axial surface angle: slope between the lingual surface (S) and the coronal axis (CA)
We evaluated these values in relation to the Frankfurt plane because the fork is parallel to the lateral arms of the face bow. To facilitate comparison of the measurements with other published studies, we added a corrective angle of 7° to relate them to the Axial-orbital plan, which is the one most commonly utilised.
-REPRODUCIBILITY TEST AND STATISTICAL METHODS
Schaded validated the silicone core technique for measuring dental morphologies in 1999 20 , using a 3D digitalizer to achieve a precision level of 0.1 to 0.15 mm and 0.05 to 1.6 degrees. To test the reproducibility of the acquisition software, the same operator repeated computer input for the same section of a central incisor. The low coefficients of variation in these measurements (with a mean error of 3%) indicate that this measurement can be considered to be reproducible and accurate (table I) .
The descriptive statistical study (Stata 8.0 ® software) deals with four angular values characterising crown morphology. We used the t-test to compare the means of the continuous numerical variables, the chi² test to compare the nominal or qualitative variables, and the correlation test for the links between quantitative variables. The significance threshold a was set at 5%.
-RESULTS
The quantification of angles (S/V, S/RP, V/RP and S/CA) performed on our sample did not show any significant difference between men and women. This allowed us to group them in a homogeneous series of 49 subjects. But we used only the right hand side because of slightly significant differences between the two sides.
For each case, we analysed the central and proximal sections. Considering the low significance of the differences, we used only the proximal sections for this study because they were closer to the functional zone (tables II, III, IV and V). The correlation study (table V) between the two parametric variables showed that there is a high r coefficient (approx. 0.8) between the maxillary central incisor's labial and lingual surfaces but a very low one for the canine's buccal and lingual surfaces (r coefficient 0.01). 
Table IV Comparison of mean values between canine (red) and central incisor (blue): slopes of lingual coronal axis (S-CA) and labial (V) surfaces on the reference plane (RP) or the main coronal axis (CA).
-DISCUSSION
Despite the limitations of this study, in relatively low sample size and single geographic location of the population, it nevertheless provides original biometric data that quantifies the biometric variability of maxillary anterior teeth. The mean values we obtained in our study therefore confirmed the previous work. They underline the need to achieve a canine slope of around 45°, about 10° less than the incisor slope.
The mean slopes found are close to a right angle.
Comparison between the incisor and the canine shows that the buccal surface of the canine is slightly tilted buccally (94°) whereas the incisor's inclination (88°) is more lingual. The curvature of the canine is slightly more accentuated. 
-2 -Labial
surface slope in the AOP
-3 -Angle of slope on lingual / coronal axis / labial surface
We start from the principle that the coronal axis in humans is similar to the crown-root axis. The angle between the labial surface and the coronal axis does not show any particular variations. It is lingually, on the hidden surface of maxillary anterior teeth, that morphological variability can be found.
UPPER CANINE AND INCISORS: IMPROVING KNOWLEDGE OF MORPHOLOGY TO OPTIMISE FUNCTION
The angle between the lingual slope and the coronal axis (S/CA) increases between the central incisor (18°) and the canine (29°). Slavicek 23 reports a mean value of 23° for S/CA for the canine. This underscores the thicker labio-lingual shape of the canine with its highly convex lingual surface. It seems to us important to emphasise the variability of this angle in orthodontics. While the angle between the labial surface and the lingual surface (V/S) has a standard deviation of 7° for the canine, it is only 5° for the incisor. Slavicek 23 reports standard deviations of 10°.
Therefore, by using the vertical orientation of the labial surface of the canine as a reference, the guidance slopes may vary by 15° to 20°. Functionally speaking, this variation could be important when lateral excursion operates to obtain minimal disocclusion posterior to the canine without interference. It may be noted that the lack of correlation between the labial and lingual slopes of the canine shows that by observing only the labial surface slope an orthodontists cannot discern any information about the canine guidance slope. 
-4 -Evolution and comparative anatomy
At the anthropology laboratory in the Marseille Faculty of Medicine, a comparative anatomy study of anterior teeth in a dry skull was carried out using an identical protocol. In 2001, K. Illouz compared the incisors of 10 large ape skulls, 27 prehistoric men, 15 medieval men, and 35 modern subjects 9 in vivo. In 2003, F. Bukiet compared the canines of 10 large apes, 14 prehistoric men, 40 medieval men, and 21 modern subjects 1 in vivo.
Table VI summarises these studies and leads to several observations.
-The lingual slope of the incisor is distinctly increasing whereas the lingual slope of the canine is decreasing.
-Verticalisation of the incisors is coherent with the increase in incisal over-bite.
-Reduction of the lingual slope of the canine.
-The angles between the lingual slope and the coronal slope (S/CA) are virtually constant, which indicates very few morphological modifications.
-The values for current populations harmonise with the results of the study presented.
-Because of the size of the samples, it is difficult to attribute the slight differences noted to an ethnic variation between the south of France and Lebanon.
-CONCLUSION
Our study provides biometric data about maxillary canines and central incisors in modern humans. These data are intended to be used for prosthetic or orthodontic treatment. This work confirms the thicker, more curved configuration of the maxillary canine compared to the central incisor and also its shallower lingual slope.
The mean values that we report in our study underline the benefit of targeting a canine slope of around 45°, which is about 10° less than the incisor slope. On the other hand, it is logical to think that our treatments must not lead to:
-a canine slope of more than 60°; -a canine slope which is steeper than the incisor slope.
Although distinct stability is noted in labial and buccal morphology, there is variation in lingual morphology, particularly of the canine.
These variations in a functionally critical zone are great enough to affect the orthodontist's choice of pretorqued, pre-angulated brackets. It is conceivable that as studies in this area flourish, that 3 or 4 classes of labio-lingual angles may be defined to aid in such a selection.
The limitations of this work require that our conclusions be used only as hypotheses that deserve future in depth investigations with larger sample sizes and the introduction ethnic variations as well as typological categories. 
